We present follow-up infrared photometry for a sample of low-mass and very low-mass stars in the Praesepe open cluster. Our sample is selected from two sources: (i) 90 stars selected from the Hambly et al. photometric and proper-motion survey of Praesepe; (ii) 17 stars selected from the CCD imaging survey presented by Pinfield et al. We investigate cluster membership using infrared colour±magnitude and colour±colour diagrams. We find 81 likely and two possible members in the Hambly et al. sample, in line with predictions. Contamination in the Pinfield et al. sample is higher, and we find nine probable cluster members. We investigate the non-grey models of Baraffe et al., which are found to be in good agreement with the data. Multiplicity in Praesepe is also examined, and we find the multiple star fraction to be 0.51 from analysis of the IY I 2 K diagram. We investigate individual object masses, and find that the faintest candidate cluster members have masses close to the substellar limit.
I N T R O D U C T I O N
Praesepe (M44, NGC 2632) is a nearby and rich Galactic open cluster within the Hyades moving group (Eggen 1960) . Though similar to the Hyades in terms of age, kinematics and chemical composition, Praesepe's larger distance and smaller angular extent make it an excellent target for wide-area photographic and CCD surveys. Such surveys enable us to probe the cluster luminosity and mass functions down to the substellar limit, and beyond in the case of the nearest and youngest open clusters.
Recent CCD surveys in Praesepe by Pinfield et al. (1997) and Magazzu Á et al. (1998) claim to have discovered cluster candidate members below the substellar limit. These papers and Hambly et al. (1995b) give a detailed history of survey work in the cluster.
In this paper, we present infrared photometry of Praesepe candidate members. The candidates come from two sources, the majority from a large-area proper-motion survey using photographic plates (Hambly et al. 1995a ) and the remainder from a deeper CCD photometric survey (Pinfield et al. 1997 ) covering about one-twentieth of the area of the former.
The Hambly et al. (1995a) photometric and proper-motion survey covers , 19 deg 2 of the cluster. They have pushed the magnitude limit of known members down to R # 20 by employing R (590-nm) and I (715-nm) photographic emulsions, these being more sensitive to redder, low-mass stars than the visual passband emulsions used before. Their paper presents a list of 515 very probable cluster members (the HSHJ objects), each of which has an associated membership probability calculated from the proper-motion vector point diagram. Hambly et al. (1995b) discuss the distribution and completeness of the catalogue in more detail. Pinfield et al. (1997) have reported a CCD survey covering , 1 deg 2 in the centre of Praesepe using R, I and Z filters. They present 26 new candidate cluster members (which we refer to as RIZpr objects after the naming convention in Pinfield 1997), some of which appear to lie very close to the substellar limit.
We present K photometry for 90 of the HSHJ stars, with J and H measurements for a subset of 54 of these stars. We have obtained K photometry for 17 of the RIZpr stars and give finding charts for those which lie on the cluster sequence (in the Appendix).
In this paper we improve the observationally derived properties of Praesepe cluster members and locate the cluster sequence in infrared colour±magnitude and colour±colour diagrams. We identify non-members in the HSHJ sample (and thus check the effectiveness of the proper motion survey); RIZpr candidates undergo the same photometric analysis to identify non-members. These data provide an excellent test for the most recent generation of low-mass star models, which employ non-grey atmospheres. Comparison between these model predictions and our observations also enables us to delineate the single-star and binary sequences for the cluster and investigate multiplicity for the lowmass main sequence. The models imply that the faintest candidate cluster members have masses close to the substellar limit.
P H O T O M E T R Y O F C A N D I D AT E C L U S T E R M E M B E R S
The (RI) C (JHK) UKIRT photometry for the HSHJ stars is summarized in Table 1 . Objects are ordered by HSHJ number. Photometry and coordinates for the RIZpr stars are listed in Table 2 , and finding charts are given for the members in the Appendix. Below we outline the measurement of this photometry.
UKIRT
Targets were selected from the 515 HSHJ (Hambly et al. 1995a) stars to give a good spread in magnitude and colour. 54 stars (with I in the range 11±17.2) were observed at J, H and K with IRCAM3 at UKIRT on 1994 December 12±13. The weather and photometric conditions on both nights were good, albeit windy. In addition we observed six RIZpr stars (Pinfield et al. 1997 ) with IRCAM3 on 1997 November 24.
IRCAM3 photometry was reduced with the Starlink ircamdr package. The J, H, K magnitudes were placed on the UKIRT system using the faint standards FS7 and FS15 from the list of Casali & Harwarden (1992) . The mean photometric errors were found to be ,^0X03 mag in J and H bands, and ,^0X04 mag in the K band for both runs. These errors (and all those that follow) are derived from the scatter in our measurements of the standards.
WHT
We obtained K SHORT photometry for 11 RIZpr stars on 1996 October 29 using WHIRCAM on the William Herschel Telescope, La Palma. K SHORT is a relatively new filter with a bandpass intermediate between K and K H . The transformation from K SHORT to K UKIRT remains poorly defined, and we did not observe enough standards to define it ourselves. We have therefore followed the procedure suggested by Pahre & Mould (1994) by assuming that the correction from K SHORT to K UKIRT is half that of the correction of K H to K UKIRT , which is well defined by Wainscoat & Cowie (1992) . For stars redder than H 2 K 0X4Y the correction flattens off to K SHORT 2 K UKIRT . 0X035Y and this was our assumption for the RIZpr stars. Whilst not precisely calibrated, this small correction should be at least as accurate as the size of the correction itself.
SAAO
K-band photometry for 33 stars at the brighter end of the HSHJ sample (with I < 13X2) was taken at the South African Astronomical Observatory (SAAO). The SAAO data were obtained using the MKIII infrared photometer mounted at the Cassegrain focus of the 1.9-m telescope on 1995 February 22±24. The estimated errors are^0X02 mag for these data. We used the transforms of Bessell & Brett (1998) to convert the data into the CIT system and then to the UKIRT system using the relations given in Leggett, Allard & Hauschildt (1998) .
TCS
Five HSHJ stars, of which two were also SAAO targets, were measured with the Telescopio Carlos Sa Ânchez (TCS) on Tenerife. The TCS data were obtained using the CVF infrared photometer on 1995 April 24±26 and have errors of^0X05 mag. Photometry was converted into the UKIRT system following Alonso, Arribas & Martinez-Roger (1994) .
Optical photometry
All of the R and I magnitudes for the Praesepe proper-motion stars quoted in this paper are the R 59F and I N magnitudes from Hambly et al. (1995a) converted to the Cousins system using the prescription given in Bessell (1986) . The photometric accuracy is quoted to be , 0X1 mag in both wavebands (Hambly et al. 1995a ). Fig. 1 shows the I, R 2 I diagram for the total HSHJ sample, highlighting those stars with K photometry. In Section 3.1 we find that seven of the HSHJ stars are not cluster members and two are possible non-members; these stars are indicated in Fig. 1 .
D I S C U S S I O N

Cluster membership
Proper motions are not a guarantee of cluster membership. To define their sample, Hambly et al. (1995a) first extracted all stars from the scanned plates having proper motions within 2s of the known cluster proper motion. This sample of stars is dominated by cluster members, with relatively few contaminating background stars. The photometry of these stars was then used to define the cluster sequence in a colour±magnitude diagram. All stars that lay below the cluster sequence in the IY R 2 I diagram were then rejected as non-members. Hambly et al. (1995a) computed probabilities for the remainder following the method discussed by Jones & Stauffer (1991) ; only stars with probabilities greater than 40 per cent were listed ± 515 stars in total. We may therefore expect some contamination of our sample by non-members. By summing the membership probabilities for each of the 90 HSHJ stars in our sample, we calculate that 10 of these stars are not expected to be cluster members.
The RIZpr objects were selected on the basis of photometry alone. Of the 26 potential cluster members proposed by Pinfield et al. (1997) , six are detected in all three filters (R, I and Z), five are detected in R and I only, and 15 are detected only in I and Z. They propose two sources for contamination of their survey: galaxies and field stars. Galaxies were identified in the images by means of a simple shape analysis. Background field stars cannot be completely rejected by means of their optical photometry alone, especially for the faintest objects where measuring errors will scatter objects into the region occupied by the Praesepe main sequence. This is a problem for all surveys employing a colour± magnitude diagram for candidate selection, but it is especially true for very short-baseline colours such as I 2 Z. Pinfield et al. (1997) estimate that 50 per cent of their candidates are cluster nonmembers, by comparing the total number of candidates with the number of HSHJ stars detected in their survey, where the two surveys are complete and overlapping. (Friel & Boesgaard 1992) to 0.14 (Reglero & Fabregat 1991) . Unfortunately, the best model grids (e.g. Baraffe et al. 1998) have not yet been extended to cover a wide range of metallicities. Currently models are only available for [Fe/H] values of 0.0 (solar), 20X5 and 21X0. To investigate the sensitivity of the models to metallicity in the I, I 2 K diagram we can determine the differences in colour and magnitude between the FeaH 0X0 and FeaH 20X5 isochrones. We can then extrapolate these differences to show approximately that an object with a metallicity increase of 0.1 dex above solar (assuming an age of 1 Gyr) will appear slightly redder and fainter than it's solar metallicity same-mass counterpart. We estimate that a 0.1 dex increase in [Fe/H] will produce a mean increase in M I of 0.08 mag and a mean increase in I 2 K of 0.08 mag at fixed mass (or, equivalently, M I decreases by 0.08 mag at fixed I 2 K). We will use the isochrones derived for solar metallicity throughout this paper, but will take account of the small effects expected for the slight metallicity difference. Mermilliod et al. (1997) report the distance modulus of Praesepe to be 6X24^0X12 from Hipparcos measurements. Pinsonneault et al. (1998) use multicolour main-sequence fitting to derive a distance modulus estimate of 6X16^0X05 assuming FeaH 0X04. The good agreement between these two results gives us confidence in the Hipparcos measurement and we q 1999 RAS, MNRAS 310, 87±96 a Column 1 is the identification from Hambly et al. (1995a) . Columns 2 and 3 are R C and I C derived from the published photographic magnitudes using the transforms in Bessell (1986) . Columns 4±6 give our J, H and K magnitudes in the UKIRT system. Column 7 indicates where the measurements were made U UKIRTY T TenerifeY S SAAO. Column 8 flags photometric non-members (n), possible members (?) and binaries (b). Table 2 . R, I, K photometry for Pinfield et al. (1997) stars. a Columns 1 to 3 are the objects and J2000 coordinates from Pinfield et al. (1997) . Columns 4±6 give I C , R 2 I C and I 2 Z from Pinfield (1997) . Column 7 gives our K measurements in the UKIRT system. Column 8 is the telescope used for the measurements U UKIRTY W WHT. Column 9 flags photometric non-members (n) and binaries (b). Downloaded from https://academic.oup.com/mnras/article-abstract/310/1/87/973013 by guest on 26 December 2018 therefore adopt a distance modulus of 6.24 for this paper. We assume zero extinction and reddening for Praesepe (see e.g. Hambly et al. 1995b ). Hambly et al. (1995b) discuss the age of Praesepe in some detail, with the most likely age lying between 400 Myr (Allen 1973) and 900 Myr (Vandenberg & Bridges 1984) . For the lowmass main sequence, the assumed age becomes important below masses of 0.1 M ( . Throughout the paper we will employ isochrones of 500 Myr and 1 Gyr to reflect this uncertainty. The precise location of the minimum mass for hydrogen burning differs by more than one magnitude between isochrones of 500 Myr and 1 Gyr, although the location of the sequence is different by less than 0.1 mag at fixed colour. Fig. 2 shows the I, I 2 K colour±magnitude diagram of the 90 HSHJ stars, together with the 17 RIZpr stars for which we have photometry. Overlaid is the colour±magnitude relation for young disc stars derived by Leggett (1992) shifted to m 2 M 6X24.
Those objects that we feel are likely non-members on the basis of their photometry (falling significantly below the cluster sequence, 15 in all ± seven HSHJ stars, eight Pinfield stars) are ringed in Fig. 2 and identified in the corresponding tables. We mark the two possible non-members identified in Fig. 3 (see below) with a box, but note that these lie exactly on the cluster sequence in this diagram. The only other very low-mass object so far found in Praesepe is the brown dwarf candidate RPr 1 (Magazzu Á et al. 1998) , which is also shown in the figure.
There is significant scatter on either side of the young disc isochrone (almost 1 mag), which cannot be explained solely in terms of the cluster depth (which we estimate to be 0.3 mag) or photometric errors. In the Pleiades open cluster, a similar dispersion has been ascribed to binarity. We discuss this further below.
JHK selection
As a further test of membership we can use the infrared twocolour J 2 HY H 2 K diagram (see e.g. Leggett 1992; Leggett, Harris & Dahn 1994; Reid & Gilmore 1984; Mould & Hyland 1976) . The most important opacity sources in red dwarf atmospheres are the TiO bands in the optical to red regime, the continuum H 2 opacity for both the optical and infrared, and the water bands in the infrared. Mould (1976) and Leggett (1992) show that J 2 H is metallicity dependent, with metal-poor stars bluer than metal-rich stars. For stars in our sample with J, H and K photometry we plot the J 2 H versus H 2 K diagram in Fig. 3 . We have J and H photometry for only two of the objects classified as non-members in the I, I 2 K diagram. These objects (marked with rings) lie clearly apart from the cluster sequence. Two further objects (marked with squares) also appear to lie apart from the sequence and have been flagged as possible non-members in Table  1 (with a`?'), although their position on the I, I 2 K diagram would imply otherwise. One way to interpret this is that the I, I 2 K diagram alone is not cast-iron when deciding membership, as there can be non-members at the distance of the cluster; additional J and H photometry is desirable. On the other hand, the offsets in the diagram are comparable with the photometric errors, hence they are not rejected outright. Leggett (1992) used kinematically selected stars to define metallicity regions in the J 2 H:H 2 K plane. We have reproduced here those lines from her paper that separate young disc, young ± old disc and old disc regions. This necessitated transforming the Leggett photometry from the CIT (Elias et al. 1982) system into the UKIRT system using an updated version of the transformations given in Leggett (1992) ; see Leggett et al. (1998) . Surprisingly, the Praesepe sequence falls in the region defined by old disc field stars, being around 0.05 mag bluer than the young disc stars in J 2 H. As discussed above, Praesepe is slightly metal-rich, so this apparent`blueness' for the Praesepe stars in J 2 H must be explained in terms other than a metal deficiency. However, this is a small effect (smaller than our photometric errors) and we cannot rule out a systematic difference between the photometry of Leggett (1992) and our own. The red edge of the J-band filter is defined by the atmosphere and is therefore site-dependent (see e.g. Bessell & Brett 1988) , and may even vary slightly on a night to night basis. Also, the transforms between CIT and UKIRT we have employed have been defined with a small number of stars, which may not cover a broad colour range.
Out of the 90 proper-motion stars we have followed up, we have found that nine are likely to be non-members based on infrared photometry, in good agreement with our prediction of 10. Thus we can have a great deal of confidence in the proper-motion sample of Hambly et al. (1995a) . Referring back to Fig. 1 , nearly all the nonmembers lie on the blue edge of the cluster sequence in the I, R 2 I diagram.
Eight of the 17 Pinfield stars would also appear to be members on the basis of the I, I 2 K diagram, which is at first sight in excellent agreement with the prediction of Pinfield et al. (1997) that 50 per cent of their candidates would be field stars. However, our selection of candidates from this sample has been nonrandom, and we have prioritized targets either with photometry in R, I and Z or with smaller error bars in a single colour. The success rate for these objects is very good, while, for the faintest candidates followed up so far, the success rate is considerably worse. The nine RIZpr stars which we have not yet followed up are predominantly I, Z only objects, close to the limit of the survey, with very large error bars. These will be observed in the near future.
Comparison with theory
Recent progress in the field of stellar atmospheres for very lowmass stars (see Allard et al. 1997 ) has been incorporated into the latest generation of brown dwarf models (e.g. Baraffe et al. 1998 ). Previous models have assumed grey atmospheres (Burrows et al. 1993; D'Antona & Mazitelli 1994) , while the new models are much more physically accurate.
We have found that the temperature scale of Baraffe et al. (1998) is closest to that determined empirically by Jones et al. (1994) , for example in a plot of I 2 K versus T eff . Kroupa & Tout (1997) compare an earlier epoch of these models (Baraffe et al. 1995) with their own, and with the models of D' Antona & Mazzitelli (1994) . They conclude that a realistic atmosphere (such as used by Baraffe et al. 1995) leads to better agreement with mass±luminosity data and predicts better the peak in the stellar luminosity function for Population I stars at M V , 11X5.
J 2 H versus H 2 K
In Fig. 3 above we found that the Praesepe sequence appeared too blue in J 2 H when compared with the field stars. Although a small effect, the systematic nature is significant. We also overlay the 1-Gyr isochrone from Baraffe et al. (1998) , which is in excellent agreement with the Praesepe sequence until H 2 K , 0X3. The`blue loop' performed by the isochrone is an artefact of the model, which may arise from two factors. First, the input line-lists are incomplete, particularly for H 2 O and VO. Secondly, these models include no treatment of dust, which is currently being rectified by the Lyon group.
I versus I 2 K
In Fig. 4 we plot I versus I 2 K (as in Fig. 2 ) and this time overlay the 1-Gyr isochrone from Baraffe et al. (1998) , again moved to a distance modulus of m 2 M 6X24. The model can be seen to be in excellent agreement with our data, reproducing both the shape q 1999 RAS, MNRAS 310, 87±96 Leggett (1992) , and they separate regions of the diagram inhabited by young disc, young ± old disc and old disc stars as indicated. The solid line is the 1-Gyr isochrone from Baraffe et al. (1998) . An indication of the errors is shown at the bottom of the figure.
Downloaded from https://academic.oup.com/mnras/article-abstract/310/1/87/973013 by guest on 26 December 2018 and location of the Praesepe sequence between 0.7 and 0.07 M ( . We also show our first approximation of the effect of a 0.1 dex increase in metallicity (the slightly offset parallel isochrones). The effect is small, indeed age has a much larger impact on our derivation of mass from the isochrones (see below). Steele & Jameson (1995) concluded that around 50 per cent of low-mass systems in the Pleiades open cluster are binary (or multiple) from examination of the I, I 2 K diagram. Using theoretical isochrones they showed that binary systems tend to lie on a sequence, shifted by 0.75 mag in I above the cluster sequence, i.e. the line defined by equal-mass binaries. Systems with more extreme mass ratios q 0X3 or less, where q is defined as secondary mass/primary mass) would lie in the intervening region. In Fig. 4 we also show the equal-mass binary sequence. These lines encompass the spread in magnitude at any given colour extremely well, especially after allowing for cluster depth (0.3 mag) and measurement errors. There are a handful of objects that sit well above the binary sequence, however, most notably HSHJ34. These may be foreground stars, or high-order multiple systems.
The cluster multiple star fraction
Surveys in the solar neighbourhood have demonstrated that stars in multiple systems outnumber single stars (Abt & Levy 1976; Duquennoy & Mayor 1991) . A recent analysis of Hyades mainsequence stars (with spectral types in the range A0±K5) utilizing spectroscopic, speckle and direct-imaging surveys (Patience et al. 1998 ) finds a multiple star fraction 1 of 0.41, though they point out that this is a lower limit given the incompleteness of the spectroscopic sample. There have been few surveys of multiplicity in lower mass stars. Steele & Jameson (1995) , using simple photometric arguments, estimated the binary fraction of the Pleiades to be 0.46. Their method was to classify as binaries all objects that lie above the locus of the midpoints between the binary and single-star sequences. Support for this technique can be seen in fig. 4 of Patience et al. (1998) , where they show that the width of the main sequence can be reduced by a factor of 2 by plotting only those objects with no known companions. In fact, close inspection of their fig. 4 reveals that only two stars remain above the midpoint of the binary and single-star sequences, and these are objects that have had no spectroscopic analysis and may therefore be short-period binaries. Surveys of field M dwarfs using speckle techniques (e.g. Leinert et al. 1997 ) find a somewhat lower multiple star fraction of 0X26^0X1Y but the sample of stars is still small at 34, and speckle will not detect short-period binaries with correspondingly small separations (see e.g. Fischer & Marcy 1992) .
We adopt the procedure of Steele & Jameson and flag objects we deem to be multiple in Tables 1 and 2 . Of course this can only give an approximate measure of the multiple star fraction, as we cannot detect extreme mass ratio binaries with this technique. Photometric errors should not greatly affect the result, given their non-systematic nature. However, we are ignoring the potential selection effects in the original sample. As Steele & Jameson point out, more binaries may be detected than single objects in the original survey, because of their I magnitudes being brighter at a given colour, an effect which could become important near the plate limit. In the region of the I, I 2 K diagram modelled by the isochrones we find a total of 58 HSHJ cluster members (after excluding the non-members in Table 1 ) of which 27 are multiple systems. For the Pinfield et al. (1997) photometric members, we find that four of the nine systems are multiple. Overall we find a multiple star fraction of 0.51 using this technique, consistent both with the results of Steele & Jameson (1995) and the results for higher mass stars discussed above. This result is essentially insensitive to age and metallicity; the biggest effect arises from reducing the distance modulus to m 2 M 6X05Y which decreases the MSF slightly to 0.46, as fewer objects now lie above the midpoint of the single-star and binary sequences.
Object masses ± new brown dwarfs?
In Fig. 5 we zoom in on the bottom of the main sequence. HSHJ stars and RIZpr objects are plotted as before, together with the brown dwarf candidate RPr1. Isochrones from Baraffe et al. (1998) are shown for ages of 500 Myr and 1 Gyr, and the equalmass binary sequence is shown for each isochrone. Age effects are very small above 0.13 M ( where the two isochrones are indistinct, q 1999 RAS, MNRAS 310, 87±96 Figure 4 . The I C , I C 2 K UKIRT diagram for candidate members of Praesepe with symbols as in Fig. 2 . The isochrone (solid line) is from Baraffe et al. (1998) and is for an age of 1 Gyr. Plus signs denote mass points in the model grid and are labelled in Jupiter masses 1000 M Jup 1 M ( . The dashed line is the equal-mass binary sequence. Also plotted is the isochrone (and binary sequence) derived from our first approximation of the effects of a 0.1 dex increase in metallicity ± these lines run parallel and 0.08 mag to the right. Error bars are plotted for the RIZpr stars and a representative error bar is plotted in the upper right for the HSHJ stars. but by 0.08 M ( there is almost a magnitude of difference between two objects of the same mass 500 Myr apart in age. Baraffe et al. (1998) find that the substellar limit occurs at , 0X075 M ( for solar metallicity. The masses of objects on the sequence depend principally on the age we assume for the cluster, and whether the object is a binary or single star. RPr1 is, to date, the reddest object proposed to be a member of Praesepe. From the 500-Myr isochrone, RPr1 has a mass of , 0X07 M ( and is therefore below the substellar limit. If the cluster is 1 Gyr old, however, then the model places RPr1 with a mass above 0.075 M ( , i.e. on the hydrogen-burning main sequence. As for the RIZpr objects, the reddest are RIZpr18 and RIZpr24 (labelled in Fig. 5 ). RIZpr18 sits close to the binary sequence. For the 500-Myr isochrone, then, the model predicts that it is either a brown dwarf±brown dwarf binary or a star with a brown dwarf companion. For the 1-Gyr isochrone it could be a binary containing two hydrogen-burning stars, but the lowest mass ratio combination allowed by the model would be a , 0X085 M ( star with a , 0X04 M ( companion. The faintest photometric cluster member found by Pinfield et al. (1997) is RIZpr24, which weighs in at a little over 0X075 M ( Y just above the substellar limit, if Praesepe is 500 Myr old, and somewhat over 0.08 M ( if we assume the 1-Gyr isochrone. If Praesepe is in fact nearer than our assumed distance modulus of 6.24, then the decrease in luminosity of the cluster stars implies a corresponding decrease in mass. This would be reflected in Fig. 5 by moving the isochrones up by 0.2 mag, and RIZpr24 would lie just below the hydrogen-burning limit. The effects of metallicity are again smaller than the effects of age and distance, but would help to align the theoretical and observed sequences somewhat.
C O N C L U S I O N S
We have measured K photometry for 90 (out of 515) Praesepe proper-motion stars selected from the survey of Hambly et al. (1995a) , with J and H photometry for 54 of these. By using colour±magnitude and colour±colour diagrams, we have found that seven members of our sample are probably not members of the cluster, and a further two are possible non-members. This is almost exactly the expected success rate from the probability calculations in Hambly et al. (1995a) , thus demonstrating the quality of the original proper-motion survey.
The imaging survey of Pinfield has been shown to be successful, with nine out of 17 candidates confirmed as likely members of the Praesepe cluster. Most of the non-members were found in I and Z images only (as opposed to all of R, I and Z), and have surprisingly large I 2 Z colours (see e.g. Cossburn, Hodgkin & Jameson 1998) and faint I magnitudes. Most of the error is contributed from the Z images. It seems likely that the Z-band photometric errors in the Pinfield et al. (1997) survey are prohibiting accurate colour determinations for those objects at the very limit of the survey. Objects brighter than this have reliable photometry. Their paper also presents the luminosity and mass functions for Praesepe, assuming a 50 per cent contamination from background stars in their candidate list. Our results indicate that the contamination in the lowest two magnitude bins may be significantly larger than this. We find two members and four non-members (out of eight candidates, of which two remain unobserved) in the I 20±21 bin, but we have only followed up two candidates (out of nine) in the I 21±22 binY neither of which is found to be a member. If Pinfield et al. (1997) do have increased contamination, then we may expect their luminosity function to be lower for the faintest two bins and the mass function will not show the apparent steepening visible in their fig. 5 .
The theoretical models of Baraffe et al. (1998) describe the data in the colour±magnitude diagrams extremely well and enable us to delineate between binaries and single stars. We find a cluster multiple star fraction of 0.51, consistent with measurements in the Pleiades (Steele & Jameson 1995) and a little higher than in detailed surveys in the Hyades (Patience et al. 1998 ) and the field (Leinert et al. 1997) . All photometric binaries have been flagged accordingly to enable future study using radial velocity techniques (Praesepe is a little too distant for current direct imaging techniques, except for the most widely separated binaries).
The known brown dwarf population of Praesepe is sensitive to both the age and distance of the cluster. If the cluster is 500 Myr old, then RPr1 is a brown dwarf, RIZpr18 is a binary probably containing at least one brown dwarf and RIZpr24 sits very close to the substellar limit. If the cluster is 1 Gyr old, then RPr1 and RIZpr24 are both main-sequence stars and RIZpr18 may be a q 1999 RAS, MNRAS 310, 87±96 Figure 5 . The I C , I C 2 K UKIRT diagram for the bottom of the Praesepe main sequence with symbols as in Fig. 2 . The isochrones (solid lines) are from Baraffe et al. (1998) for ages of 1 Gyr (lower) and 500 Myr (upper). Plus signs denote mass points in the model grids and are labelled in Jupiter masses 1000 M Jup 1 M ( to the left for the 1-Gyr isochrone and to the right for the 500-Myr isochrone. The dashed lines are the equal-mass binary sequences for each isochrone. Error bars are shown for all stars.
Downloaded from https://academic.oup.com/mnras/article-abstract/310/1/87/973013 by guest on 26 December 2018 binary containing a brown dwarf. A distance modulus lower than the Hipparcos measurement would decrease the luminosities, and hence masses, of the Praesepe stars.
